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Remarks 

Claims 1 and 9-17 have been canceled without prejudice or disclaimer. Applicants 
reserve the right to pursue the subject matter encompassed by all canceled claim in one or more 
divisional or continuation applications. Claims 99-101 have been amended to correct an minor 
clerical error in claim dependency. Claims 125 and 126 have been added to expand the 
embodiments of the elected subject matter. Support for new claims 125 and 126 can be found in 
the specification as filed. For example, support can be found in the specification at page 6, first 
paragraph. Upon entry of the present amendments, claims 21-24, 26-49, 51-76, 78-101 and 103- 
126 will be pending. Claims 21-24, 26-37, 46-49, 51-63, 72-76, 78-89, 98-101, 103-115 and 
124-126 are under consideration. Claims 38-45, 64-71, 90-97, and 116-123 are presently 
withdrawn from consideration pending rejoinder. See, Provisional Election With Traverse , page 

3, filed December 3, 2001. No new matter has been added. 

In the Advisory Action, an enablement rejection of the currently pending claims was 
maintained. See, Paper No. 20, pages 1-5. In particular, claims 21-24, 26-37, 46-49, 51-63, 72- 
76, 78-89, 98-101, 103-115 and 124 were rejected as allegedly not enabled by the specification 
because "no one would believe it more likely than not that the presently claimed antibodies are 
useful for detecting or targeting colon cancer cells..." See^ Paper No. 20, page 3 last line to page 

4, second line. 

Applicants respectfully disagree and herewith submit third party evidence in support of 
Applicants' position. In particular. Applicants submit Exhibit A (Violette, et al., "Reg IV, A 
New Member of the Regenerating Gene Family is Overexpressed in Colorectal Carcinomas", 
Int J. Cancer, 103:185-193 (2003)).^ The authors of the publication in Exhibit A analyzed Reg 
IV mRNA expression via Northern blot, differential display PCR, real time-PCR, and in situ 
hybridization assays. From these assays the authors concluded that Reg IV is overexpressed in 
colorectal carcinoma. As one example, the authors found that northern blot analysis and real- 
time PCR showed Reg IV expression at significantly higher levels in 71% of colorectal tumors 
compared to normal colon. See, Exhibit A at page 185 (abstract); page 188, right column, last 
paragraph to page 189, right column, penultimate paragraph. In summary, the authors 
concluded: 



* The Reg IV and Colon Specific protein sequences are 100% identical (i.e., Reg IV ORFs encoded by GenBank 
Accessions AF345934 and AY007243 are 100% identical to SEQ ID NO:2 of the present application). 
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Our data concerning ReglV expression, as assessed by studying the 
mRNA level are in accordance with the suggestion of Macadam and 
collaborators^ that colorectal tumor cells expressing REG proteins have an 
advantage in terms of survival. Our results suggest that Reg IV-positive 
cells in colorectal tumors may also have a selective advantage during drug 
treatment. 



See, Exhibit A, page 192, right column, last paragraph (emphasis added). Hence, this 
publication demonstrates that in view of mRNA expression data alone, those of ordinary skill in 
the art would ''believe it more likely than not that the presently claimed antibodies are useful for 
detecting or targeting colon cancer cells." Therefore, in consideration of Exhibit A and the 
previous explanations, data, and Declaration submitted. Applicants respectfully request that the 
rejection of claims 21-24, 26-37, 46-49, 51-63, 72-76, 78-89, 98-102, 103-115 and 124 under 35 
U.S.C. § 112 be withdrawn. 

Should the Examiner disagree with the present reply. Applicants respectfully request a 
personal interview with the Examiner prior to further examination of the instant Continued 
Prosecution Application (CPA) . See, e.g., M.P.E.P. § 706.07(b). The Examiner is invited to call 
the undersigned at the phone number provided below to schedule the requested interview. 

No fee, beyond that which has been submitted, is believed due with this reply. However, 
should the Patent Office determine otherwise, please charge the required fee to Human Genome 
Sciences, Inc., deposit account no. 08-3425. 

Dated: t \ Ap/^/ loo"^ Respectfully submitted, 




Lin J. Hymel 



Registration No.: 45,414 
HUMAN GENOME SCIENCES, INC. 
9410 Key West Avenue 
Rockville, Maryland 20850 
(301)251-6015 
Attorney for Applicants 



^ Macadam, et al., "Death from early colorectal cancer is predicted by the presence of transcripts of the REG gene 
family," Br. J. Cancer, 88:188-195 (2000). 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



The application has been amended as follows. 

In the Claims: 

Claims 1 and 9-17 have been canceled without prejudice or disclaimer. 

Previous claims 99-101 have been amended as follows: 

99. The antibody or portion thereof of claim 98- 97^ produced by immunizing an 
animal with protein (a). 

100. The antibody or portion thereof of claim 98- 97 produced by immunizing an 
animal with protein (b). 

101. The antibody or portion thereof of claim 98- ^ produced by inmiunizing an 
animal with protein (c). 

New claims 125 and 126 have been added: 

125. (New) The antibody of claim 21, wherein said antibody binds the lectin domain 
of SEQIDNO:2. 

126. (New) The antibody of claim 73, wherein said antibody binds the lectin domain 
of the polypeptide encoded by the cDNA in ATCC Deposit Number 97129. 



Page 1 of 1 



htt. J. Cwwcr: 103. IS5-I93 (2003) 
© 2002 Wilcv-Liss. Inc. 
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REG IV, A NEW MEMBER OF THE REGENERATING GENE FAMILY. 
OVEREXPRESSED IN COLORECTAL CARCINOMAS 
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A better understanding of the mechanisms by which colon 
tumor cells are able to survive exposure to drugs would be 
valuable for the development of new therapeutic strategies. 
We used differential display-PCR to compare gene expres- 
sion in the drug-sensitive HT-29 colon cancer celt line and 3 
drug*resistant subpopulatlons derived from this parental cell 
line. One of the genes identified is a new gene, Regenerating IV 
gene {Reg lY), and was strongly overexpressed In HT'29 drug- 
resistant cells. Other drug-resistant cell lines expressed Reg 
/V at a high level, whereas a low expression was noted in 
sensitive cell lines. Northern blot and real-time PCR analysis 
showed that Reg IV is more strongly expressed in 71% of 
colorectal tumors (in particular in mucinous carcinomas) 
than in normal colon tissues. The comparison of Reg IV ex- 
pression with that of other REG genes. Regenerating la or 
(Reg la). Regenerating If} (Reg l^) and Pancreatitis-associated 
protein {PAP), highlights its predominant expression in colo- 
rectal tumors. Reg IV mRNA-positive tumor cells display 
different phenotypes: mucus-secreting, enterocyte-IIke or 
undifferentiated. Interestingly, whereas Reg IV expression is 
low in normal colon. Its level in normal small intestine is 
similar to that in some colorectal tumors. In normal tissue, 
Reg /V mRNA-positive cells are mostly enteroendocrine cells 
and goblet celts. Our results point out the potential role of 
Reg IV in colorectal tumors and its subsequent interest as a 
pronostic indicator of tumor survival. 
© 2002 Wiiey-Uss, Inc. 

Keywords: Reg IV; celf survival: druf>- resistance: colon cancer ceils; 
colorectal cancer 

Colorectal cancers are highly metastatic and drug-resistant. The 
genetic alterations associated with colorectal carcinogenesis and 
the mechanisms involved in their resistance to various drugs have 
been extensively studied during the last 20 years. '--'^ However, the 
knowledge accumulated has not led to satisfactory treatments for 
advanced tumors. A better understanding of the cellular processes 
leading to general or specific resistance to chemotherapy is re- 
quired to develop therapy that allows the eradication of drug- 
t^sistant tumor cells. Recently, new pathways of resistance have 
been implicated in the ability of tumor cells to escape drug toxic- 
ity. Several pathways of disruption of the apoptosis program have 
been shown to reduce the chcmosensitiviiy of tumor cells/'""* 
Survival signals provided by cytokines, growth factors, cell-extra- 
cellular matrix interactions and cell-cell contacts can modify the 
intrinsic resistance of tumor cells.'" " The occurrence of such 
mechanisms in tumor cells, defined as cells with a resistance 
phcnoiypc, could favor the development of specific mechanisms of 
drug resistance, such as amplification or mutation of the gene 
encoding the drug-targeted enzyme or drug- trans port fail- 
ure. '-^'2.1.1 

The analysis of chemoresistance must also address cellular 
heterogeneity within a tumor or between tumors. Heterogeneity 
results from genetic instability of tumor cells^ and from complex 
interactions with their microenvironment (growth factors, nutri- 
ents, hypoxia, and tumor cell/cell] or cell/mcscnchyme interac- 
tions).*^'*-" During the last decade, we and other laboratories 
have observed a relationship between the drug-resisiancc of tumor 



cells and the expression of ;j m(jre differentiated phenoiypc."* 
The few cells of the colon canter cell line HT-29. miiinly consti- 
tuted of undiflerentiaicd cells, that survive nutrient si:ir\'ation or 
exposure to the drugs 5-fluorouracil t.^i-FU) or methoirexaic 
fMTX) exhibit differentiation characicri.^tics similar to those of 
normal intestinal cells : cell polarity, presence of apical micixivilli 
and the production of particular prolein.^ including villin. dipepti- 
dylpcpiidase IV and mucins.'* '"-"--' Entcrocytc-like HT-29 cells 
behave like tumor cells exhibiiing a resistance phenotype.*-* Sim- 
ilar results have been reported with the cnterocyiic Caco-2 
cell 21. 2.^ Despite numerous studies of the aene regulation associ- 
ated wiih cell dilTerentiation and functions in these models, the 
mechanisms leading to the resistance phenotype remain unsolved. 

Our aim was to identify genes involved in survival pathways 
developed by drug-rcsi.stant tumor cells. L'sing differential display 
PCR fDD-PCR)-*' with HT-29 models, we identified a new gene. 
Res, /K which is strongly overe.x pressed in HT-29 cells subpopu- 
lations that exhibit both drug re^iisiance and differentiation. Reg IV 
has been recently churacieriicd as a new meniber uf the Re^i 
multigene family.-' which includes .t other genes encoding Reg \tx 
or Lilhoslatin A, Reg 1(3 or Litho.siatin B. and Pancrcaiitis-assttci- 
ated protein (PAP) (see 28 for review). We show thai Re}* IV 
expression is increased in moM of the colorectal tumors studied in 
comparison to normal tissues, and in some pcritumoral tissues. 

MATERIAL AND .VIETHODS 
Cell lines and culture conditions 

The following cell lines, established from human colorectal 
adenocarcinomas, were used: HT-29p. Caco-2. LSI74T. SW480- 
HCT-EB, LoVo and LS513.-*'- The enterocytc-like TC7 and 
PFl 1 clones were isolated from Caco-2.''' The HT-29 clone I9A, 
provided by C- Caboisse. was obtained from the HT-29 parental 
cell line (HT-29p) by a sodium butvrate treatment.-^- HT29-Clc", 
HT29-FUI0-'' and HT29-MTX 10"'' cell populations, and HT29- 
5MI2 and HT29-5M2I clones were selected from HT-29p by 
nutrient deprivation or long-term ireaimeni with increasing con- 
centrations of 5-FU or MTX as previously described. '•^•'''•^"•2'* All 
cell lines were cultured as previously described. '■'-'^-"-^ with 
modifications for Caco-2 and its subclones.'" Experiments were 
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done in 25 cm- or 75 cm- T-flask5 (Corning Glass Works, Com- 
ing. NY) al 37*C under a \ 0%COJ9O% air aimosphere. Cells were 
seeded at differeni densities to reach confluency after ihc same 
time of culture: 0.6 X lOr" cells per cm" forCaco-2 and subclones, 
O.S X lO"* for LoVo and 2 X lO"" for all other cell lines. The 
medium was changed daily. The long-term treatmem of cell lines 
with 5-FU (Sigma Chemical Co.. StT Louis. MO) or MTX (gen- 
erously provided by Rhonc-Poulenc-Rorcr) was administrated to 
exponential cells at the indicated concentrations, as previously 
described for HT-29,'^ -" The druo-resistance capacities of these 
cell lines have been detailed elsewhere.-'' 

For in situ hybridization, specimens of normal adult jejunum 
and sigmoid, obtained from patients without any evidence of 
neoplastic disease and samples of colorectal tumors, were imme- 
diately immersed in fresh 10% phosphate-buffered formalin and 
then embedded in paraffin. Four micrometer-thick sections were 
cut. mounted on gelatin-covered slides and stored at 4**C until use. 
Serial sections were systematically stained with hcmatoxylin-eo- 
sin-safran or Alcian blue (pH 2.5) for histological analysis. 

For Nonhem blot and rcal-iinne PCR analysis, human gastroin- 
testinal tissues (jejunum, colon and pancreas) were obtained from 
irreversibly brain-damaged organ donors, according to protocols 
approved by the National Ethical Committee, and are referred to as 
Normal. Tumor samples were obtained from 35 resected primary' 
colorectal carcinomas. Patients had received no adjuvant chemo- 
therapy at the lime at which these samples were collected. In 13 
cases, non tumoral samples of peri-tumoral mucosa were obtained. 
Three hepatic metastases with the corresponding nontumoral tissue 
were also studied. Tumor samples were supplied by Prof. Capron 
and Dr. Gruffaz (Hopital Bed en. Clamart, France), Prof. Rcyncs 
and Dr. Sebagh (Hopital Paul Brousse. Villejuif, France), Prof. 
Bouillot (Hotel-Dieu. Paris. France) and Dr. de Mcstier (Hopital. 
Paris. France). All specimens for RNA assay were snap-frozen in 
liquid nitrogen and stored in liquid nitrogen until analysis. 

Differemiat display and isolation of full-length Reg IV cDNA 

Differential display was performed as described"*^ with an 
RNAimage kit (GenHunter, Nashville, TN) according to the man- 
ufacturer's instructions. Total RNA purification from exponen- 
tially growing cells (HT-29p. HT29-Glc-, HT29-5M12 and 
HT29-FU10"*^)'^ included a treatment with DNase I (Boehringer- 
Mannhcim, Indianapolis, IN). The anchor and arbitrary primers 
that led to detection of Reg IV cDNA (386 bp) were 5'- 
AAGCTTTTrmTTTA-3' and 5'-AAGCTTAGAGGCA-3'. To 
isolate a larger cDNA fragment (804 bp), a XZap express cDNA 
library from stationary phase TC7 cells was screened by PCR 
using proofreading thermostable DNA polymerase (ClonTech. 
Palo Alto, CA) and a 5' T3 primer and 3' reverse primer (5'- 
GAGCTAGAAGCCACTACrrG-3'), corresponding to the 5' part 
of the 386 bp insert. Finally, the extreme 5' end was isolated from 
a Marathon-Ready cDNA library prepared from human normal 
intestine (Clontcch) by 5'RACE-PCR using the 5' API primer and 
an internal primer (5'-CAGGAAGTGTTGGCGCTTGT-3')- 

N art hern bloi analysis 

Total RNA was extracted from cells (exponentially growing or 
stationary phase) or from tissue samples (normal, peritumoral or 
tumoral) using guanidium isothiocyanate and centrifugation 
through a CsCI gradient as described RNA samples (20 p.g) 
were fractionated by electrophoresis, and Northern blotting was 
done as previously reported'^ using the 804 bp fragment of Reg IV 
as the probe. A 3' end-labeled oligonucleotide hybridizing to 18S 
rRNA was used for normalization: the 18S rRNA was used as 
internal control to quantify Reg /V expression with the Gel analyst 
3.0 program. 

Semi-quaniitative RT-PCR analysis 

Total RNA was isolated from 10 30 pjn-thick cryostai sections 
using RNA instapure (Eurogcntec, Seraing, Belgium) according to 



the manufactcr's protocol. Rcvcrse-tran.scription was carried out 
with I p,g of RNA. 8 (xM of hexamcr primer pool. 250 p.M dNTP. 
30 U RNaseOUT. 10 mM DTT. .^00 U .MMLV Reverse Transcrip- 
tase and RT buffer X I in a total volume of 30 ^.1. After incubation 
at 42**C for I hr, cDNA was stored ai -20°C or immediately used 
for real-time PCR. REG mRNA was determined semi-quantiia- 
tively with a LightCycler System (Roche Molecular Biochemicals. 
Indianapolis. IN). PCR reactions were performed using 2.5 \l\ of a 
1 :25 dilution of each cDNA and 1,5 p-l reaction volume containing 
IX SYBR Green I master mix. 0.4 jiM KReR /Vand L/V) or 0.8 
fjLiM {Reg /a, Reg Ifi and PAP) of each specific primer, and 3 mM 
MgCU (except for Reg IfBA mM). The specific primers used for 
human Reg la, Reg and PAP vvere as previously described.'-* 
5'-GT<rrGATGCCGAGCTCGAGTG-3' and 5'-CACGAAGT- 
CTTCGCG(rrTGT-3' were used for Reg IV analysis. As an in- 
ternal control for the RNA extraction and reverse-transcription. 
ribo.*5omal protein L/9-spccific primers were u.scd.*"-^ The condi- 
tions for the amplification were an initial denaiuration at 95*C lor 
8 min. followed by 10 sec at 95**C. 10 sec at 60*C (L/9). 62*'C 
iReg fa. Reg 1^ and PAP) or 64°C {Reg fV) and 10 sec at 12°C for 
45 cycles. Results are expressed as the ratio of the level of REG 
mRNA to that of LI 9 mRN.^ in arbitrary units. To e.stimatc the 
level of expression of each REG gene in colorectal tumors, these 
results were compared to a reference value: the avei^age of the 
values obtained for 4 normal colon samples. 

immunoltistochemistty 

Prior to the hybridization procedure, some intestinal sections 
were incubated for 12 hr at 4=*C in rabbit antiserum specific for 
Chromogranin A (Dako. Glosuiip. Denmark) diluted 1:100 in 
Tris-buffered saline (TBS). After wdshing. sections were incu- 
bated for 1.5 hr in bioiinylaied goat anlirabbit serum (1:200 in 
TBS, Caltag Laboratories. Burlingame. CA), and then in pcroxi- 
dase-conjugatcd avidin (Vector Laboratories. Burlingame. CA). 
Sections were processed for the DAB reaction by siaridard proce- 
dures. The specificity of the IHC reaction was verified by replace- 
ment of the primary antibody with normal rabbit serum, in which 
case there was no immunoreaction. 

RNA probes and in situ hyhridizaiion 

The 804 bp fragment of Reg IV was inserted into the vector 
pCR3.1 using the TA cloning system (Invitrogen, La Jolla, CA) 
according to the manufacturer's instructions. pCR3.I plasmids that 
contained the sense or anti.sense 804 bp fragment were linearized 
with Pst I and used to synthesize sense and aoiisense human Reg 
probes using ^^S-CTP (specific activity above 1,000 Ci/mmol; 
Amersham, UK) and T7 RNA polymerase. 

ISH was performed by the standard procedure of Mitchell et 
al?^ Briefly, after proteinase K permeabilization, sections were 
hybridized with riboprobe-hybridization buffer mix* which con- 
tained the -'^'''S-labeled Reg IV cRNA probe (40,000 cpm/|xl). 
Overnight hybridization at 55°C was followed by RNase treatment 
and a series of stringent washes, including a high-stringency wash 
at eO^C. Hybridized slides were dehydrated in 70% and 100% 
ethanol in anrunonium acetate and dipped in NTB2 emulsion 
(Kodak. France), After 20 days exposure, slides were developed. 

The controls for specificity of the probe were checked: incuba- 
tion of the sections with -^^S-labeled sense probe, pretrcatmcnt with 
ribonuclease and co-incubation with a 100-fold excess of unla- 
beled antisense probes all gave no specific labeling. 

RESULTS 

Differential gene expression between drug- resistant and 
sensitive colon lumor cells 

To identify genes potentially involved in the resistance pheno- 
type of tumor cells, we compared the mRNAs present in drug- 
resistant and differentiated HT-29 subpopulations with those of 
drug-sensitive and undifferentiated parental cell line HT-29p. The 
resistant subpopulations were selected from exponentially growing 
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deprivation or by long-ienn *«aimeni^with MTX or5-FU as previously reported.'';-]" The 2 firs^ccll lines arc resistant To both 5-FU and MTX 

tlaiions of 
ybridized 



CL 

o 
O 

'-/> 
. >^ 

-O 



E 



TABLE I -DIFFERENTIAL DISPLAY EXPERIMRNTT: CHARACTERIZATION OF THK \y SELECTHP CLONES 



cDNA clortc 


Humuloev 
wiih (AC)' 


PriMcin 


mRNA abundance in 


13.1 
125.3 


U30521 
AY007243 


P31I 
Reg IV 


INCREASED 
in the 3 populations 


28.2 

28.7 
44.9 


AL356494 

NMO 14908 
X93334 


Unknown 

KIAA1094 protein 
cox II- 


INCREASED 
in HT29-G1C" and 
SMI 2 cells 


15.1 


XM008756 


P84 


' INCREASED 
in HT29-FU cells 


2.5 

25.S 

28.6 

33.3 

38.4 

39. JO 

45.4 


M2955I 

X07549 
AF026293 
BC009677 

D89870 
XM006559 
XM057840 


Calcincurin A2 

Cathepsine H 
CCT-p= 
ATPase inhibitor precursor 
Antizyme 
PHLDA 1 - 
Unknown 


DECREASED 
in HT29-Glc~ 
and 5MI2 cells 



'aC. EMBL/GenBank accession number-- cox II, Cytochrome C oxydase subunii II; CCT-fJ. Chap- 
eronin containins-complex polypeptide I beta subunii; and PHLDA J. Plcckstrin homologv-like domain, 
family A number I. 
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HT-29p cells as shown in Figure \a. We used 3 drug-resistani cell 
populations for the screening, HT29-Glc~, HT29-5MI2 and 
HT29-FUI0~^ lo identify genes involved in a resistance pheno- 
typc expressed by more than I tumor cell line. 

Differential dispIay-PCR was performed using total RNAs ex- 
tracted from the 4 cell cultures at 40% confluency. After using 
25% of the available primer sets, we selected 62 bands, in se- 
quencing gels, displaying differential expression. Most differed 
between HT-29p and enterocyte-like HT29-Glc~ and HT29-5MI2 
cells, although some differed between HT-29p and the 3 HT-29 



subpopulations (data not shown). Thirty-four differential expres- 
sions were confinned by Northern blot. Thirteen genes were iden- 
tified by sequencing (Table I), 2 encoding proteins to which no 
function has been attributed. Interestingly, some of the genes 
encode proteins involved in general biological processes such as 
signaling pathways, protein addressing or degradation, polyamine 
metabolism, cell cycle and apoptosi.s. One of the bands in the 
sequencing gels was very intense in dr\ig-resistani cell lines HT29- 
Glc" and HT29-5M 12, weaker in resistant cell line HT29-FU10"^ 
and barely detectable in sensitive HT-29p cells (Fig, \b, arrow). 
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The correspondino cDNA hybridized in Northern blots wiih an 
niRNA of uboiit 1.2 kb (Flo. \c). As expected from ihe DO-PCR 
screening, this mRNA wa*; verv abundant in both cnierocyte-like 
cells. HT29-5MI2 (I 15-fold the level in sensitive HT-29p cells) 
and HT29-GIC" (70-fold), and abundant in HT29-KU10''^' cells 
t23-fold) (Fig. It). The entire cDNA was cloned and sequenced 
( I. H2 nucleotides: accession number: AF345934) and was 98.4% 
Identical with a cDNA in data banks corresponding to the rcgen- 



FU-sensitive 



FU-resistant cells 




Figure 2 - Northern blot analysis of Reg IV gene expression in 
5-FU sensitive (HT-29. LS513 and HCT^EB) or resistant (HT29-GIc" 
HT29-5MI2. LSI74T. TC7, SW480 and LoVo) cell lines. Note rhc 
high level of /?ej? IV mRNA in the sensitive LS5I3 cells that survive 
but do not grow in presence of 5-FU. Only HCT-EB and HT-29p of 
these cell lines displayed a high mortality during a long-tenn treatment 
with 0. 1 M-M of methotrexate. RNAs were prepared from cxponenlially 
growing cells. 



crating gene type IV niRNA {/^i- iV\ (;tcvrcssiim number: 
AY007243). identified in inrtammator\- bowel and described while 
this work was being completed.-' 

Reg IV mRNA is rn erexprt'sscel in Si-\ erti/ ilrut*-rcsistam t cU 
lines 

\yt idcnliticd Reg IV in HT-29 cells that exhibited y diug- 
resistant phcnotype. To lunher a.s.sess a pi>teniial association of 
Reg IV ovcrcxpression with drug re.Nisiance. we cvakiaied the 
abundance of Reg /1/mRNA In various human colorectal cell lines 
that behave differently upon a lons-icrm treatment with .^-FLf Cell 
lines (HT29-G!c , HT29-5MI2. LSI74T. TC7. S\V480 and 
LoVo) which arc able to proliferate in the presence of the druu and 
classified as resisiani. were tested. Four resistant celTlincs 
(HT29-GIC-. HT29-5MJ2. LSI74T and LoVo) contained hish 
levels of fV mRNA (Fig. 2); TC7 contained ver>- little and 
SW480 undetectable amounts of Re<i IV (Fig, 2). thus underlining 
the heterogeneity of drug-resisiancc mechanisms of colon lumoT 
cells. Very little or no Ref^ /KmRNA was present in the cell lines 
HT-29p and HCT-EB. which are drug-sensitive and displav a hieh 
monaliiy during 5-FU ircaimeni." Interestingly. LS5l'3 cclTs. 
which display their drug-sensiiivitv by growth arrest but low 
mortality upon a 5-FU trcaimenl'-^ contained abundant Ren IV 
mRNA. 

The Reg IV ^^eue is overexp res seel in cofonclat tumors 

We estimated, by Northern blot, the Ret^ IV mRNA levels in 
several peritumoral and tumoral colon mucosa specimens from the 
.same patients and in normal colon mucosa. The 5 normal colon 
specimens contained less Re» IV mRNA than most of the tumors, 
although the levels of /?e.? IV mRNA differed between individuals 
(Fig. 3a). We ob.served that 777f (10/13) of colorectal tumors 
displayed a higher level of Reg IV mRNA than various normal 
colon mucosa specimens (Fig. 3>a.h). In 4 cases. Ret^ IV mRNA 
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Figure 3-/?^^ '^^"^^ »" normal peritumoral and tumoral colon, (a) Northern blot analysis of total RNAs isolated from tumoral or 
peniumoral tissues and from normal colon. RNAs were extracted from 5 normal colons (N) and from 13 co orecml umo% m^I^^^f^^^ 
iheir corresponding peri-iumoral mucosa (FT). Six representative pairs of samples are shown. (6) Graphic repre^Sn C^^^^^ 
in normal, pcntumoral and tumoral ussucs. The Reg IV mRNA was quantified with respect to the 1 8S rRN A detect by hybridiTaiion o^th^^ 
same membrane, usmg the Gel analyst 3.0 software. The horizontal bar indicates the average values for each ca^eory ^y^"'^"^^"''" °" 



RHG IV IS n»-RKC:!-l..ATI:D IN COUORnCTAL t ANCKR 



189 



Reg IV 




"1 

250- 



Colorectal tumors 



J Colon P 



1 

^ lOQ 



PAP 



S . IM^^— 



Colorectal tomors 



J Colo* p 



Figure 4 - Comparison of Heji Ja. Reg PAP and Rct^ IV iran- 
smpt levels in colorectaj tumors by real time-PCR for 2'' tumor 
sampes and normal tissues. Jejunum (J), colon and pancreas (P) 
samples were used as controls for REG expression. To quontify the 
level of expression of each REG gene, the value for the Ren mRNA is 
expressed as a ratio to that of U9 mRNA. The reference level for each 
gene in normal colon represents the average of Reg mRNA levels in 
the 4 colons analyzed. 

was cleariy elevated in peri^tumoral mucosa (Fig. 3a, representa- 
tive samples). In 3 samples, the pcri-tumoral mucosa had higher 
levels of Reg IV mRNA than the corresponding tumor (Fie 3a) 
The average level of Reg IV mRNA in the 3 Ussue classes is shown 
m Figure 36. The average level Reg IV mRNA is clearly higher 
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Total number 

studied 
Sex 

Male 

Female 
Tumor site 

Riiihi colon 

Lcfi colon 

Rccium 
Tumor stauc 

111 (T, jN, ,M„j 

'V tT,_.N.. ;mj 



Pal iciu N r )v crc ^pn»itl•l aVj? / \ ' 

_ tonifWiMto III nomuii rtvh^i 

^> 2.V35(7I.W) 



'6/35 9/16(56.29^) 

'9/.^^ l6/|y fS4.29r) 

"/35 y/lt(8l.S%) 

17/35 12/17 (7().6f;«) 
7/35 4/7(57.1?!-) 

•'^/35 .V5 (60^^ ) 

f^Tvi S/I2(66.69r) 

'^35 10/12 f83.37f) 

^ 4/6 (66.69£ ) 



m the tunionil samples than that in [he healthy tissues. Three liver 
meitLsiasLs samples associated with a priman' colonic tumor were 
compared to healthy liver tissue from the same individuals Res /V 
mRNA was not found in normal liver samples, as previously 
reported- but small amounts were detected in 2 of the 3 liver 
metastasis samples (data not .shown). 

Comparisnn ^)/Reg IV ii^ene cxpressiou to that of the oiher REG 
genes in colon carcinomas 

Twcmy-iwo tumor sampleii were analyzed semi quamitaiivelv 
by real time PCR of the REG genes. Reg let, Reg /j3. PAP and Reg 
IV. Norma! small mtcstine (jejunum), colon and pancreas were 
used as controls of REG gene expression (Fig. 4). Consistent with 
previotis reporis.-^'--^^ we observed a stronger expression of Ren IB 
and to a lesser extent of Reg la in pancreas than in jejunum'and 
colon. As expected,-"*-*' we found that PAP was more weakly 
expressed in pancreas and colon than in jejunum. We also found 
that Reg expression was higher in nomial small intestine than in 
normal colon; and m normal pancreas. ReQ IV u^nscripts were 
barely detectable (Fig. 4). " 

The expression profiles of the 4 REQ eenes were different in 
colorectal tumors (Fig. 4). As observed with the 13 tumor samples 
described above. Reg IV was more strongly expressed in most 
colorectal tumors (68.2%) than in normal colons (Fig. 4) The level 
of Reg IV mRNA varies within a range of 4 orders of magnitude 
between the different tumors. In only 6 .samples of 22 the expres- 
sion was comparable to that of the 4 normal colon samples Unlike 
Reg IV, the other REG mRNAs were present at vejy low or 
undetectable levels in most samples. Only 13.6^ of the 22 tumors 
cxhibucd a higher expression of Reg fa than that in nomial colons * 
the corresponding values were 22.7% and 31.8% for Reg IB and 
PAP, respectively. In only 1 case (tumor number 5) the 4 REG 
genes were concomitantly up-regulated. It is noticeable that the 9 
colonic cell Imes (Fig. 2) exhibited the same pattern as the tumors- 
Reg IV was the most abundantly expressed gene whereas the 
expression of the 3 other genes tested was barely or not detectable 
(data not shown). 

Delect ian of Reg IV niRNA in tumoral cells 

Using all 35 colorectal tumors, wc searched for a possible link 
between the level of Reg /V expression and clinical features. In our 
study, no significant relationship was found between the presence 
of Reg IV transcripts or the increase of Reg IV expression, and the 
TNM state of the tumors or their localization (Table D), However 
the histological analysis of the tumors revealed that the most of 
colorectal tumors overex pressing Reg IV were mucinous tumors 
or. in some cases, neuro-endocrinc tumors. In the absence of 
anubodies specific for Reg IV, we could not study the protein 
localization or regulation. Wc analyzed Reg IV expression in the 
colorectal tumors by in situ hybridization (Fig. 5q-c)\ staining of 
serial .sections with alcian blue visualized the presence of mucus 
(Fig. Sc-g). The pattern of Reg IV expression differed between 
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Figure S - Reg IV in situ hybridization and Alcian blue staining of colorecul tumors, {a-c) Reg IV mRN A -positive cells were present at 
variable densities in tunwrs. Note the absence of signal in the stroma, id) No labeled cells were observed with the Reg IV sense probe, (e-g) : 
the presence of mucus was detected by alcian blue staining in 2 tumors (e and/)- Note that in the undifferentiated tumor (g), only the stroma 
cells are weakly stained with alcian blue. The enlargements of tumor sections (inserts b, c. f, g) show that many Reg IV-positivc cells were 
mucus-secreting cells bul some were not (ft,/), and that many non-mucus-secreting cells {$) were labeled with Reg IV (c). All sections were 
hybridized with the same preparation of ^fS-labclcd probe and exposed for the same time. Methyl green pyronin counterstain for ISH sections. 
Original magnifications: (a to g) X25, (inserK c,f, ^)XI00. 
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tumors. The signal was clearly localized in the epithelial-derived 
tumor cells and not in the stromal cells (Fig. 5fl-c). Mucinous 
tumors (Fig. 5^/, and insert 0 found to be Reg IV-positivc by 
RT-PCR gave strong signals with the antisense probe (Fig. 5aM, 
and insert b) but not with the sense probe (Fig. 5d). Interestingly, 
sections of alcian blue-negative tumor (Fig. 5^, and insert g) were 
also positively labeled with the Reg IV aniisense probe (Fig. 5c. 
and insert c), indicating that /?ejf IV expression is not restricted to 
mucus-secreting cells. 

Accordingly, the tumor colon ccU lines displaying a mucus- 
secreting phcnolype (HT29-MTX10"-*' and HTr29-5M21) had 
higher levels of Reg IV mRN A than those in the undifferentiated 
HT-29p cell line (Fig. 6). Some cell lines are very similar to small 
intestine (Caco-2 and its 2 clones, PFIl and TC7)^*-^' or colon 
(HT29-5MI2, HT29-5F7 and HT29-19A) enterocytes.'-^-'^ Inter- 
estingly, Reg IV expression differed considerably between these 
cells: HT29-5M12 and HT29-5F7 cells contained more Reg IV 
mRNA than Caco-2, TC7 and PFl 1 cells (Fig. 6). The abundance 
of Reg IV mRNA in Caco-2. TC7 and PFl 1 cells was comparable 
to that in undifferentiated HT-29p cells. We also observed that in 
enterocyte-like HT29-19A cells and goblet HT29-MTX10-5 and 
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Figure 6 - Northern blot analysis of Reg fV gene expression in 
colon tumor cell lines displaying an enierocyie-Iike or a goblet cell 
phcnolype. RNAs were prepared from exponemially growing (E) or 
stationary phase (S) cultures. 18S rRNA was used as loading control. 

HT29-5M21 cells the levels of Reg IV mRNA were higher in 
nondividing (stationary growth phase) than in dividing (exponen- 
tially growing) cells (Fig. 6). No such difference was seen in cells 
displaying a higher level of Reg IV expression during the expo- 
nential phase (HT29-5M 12 and HT29-5F7). Thus, Studies with cell 
lines confirmed that Reg IV expression is not restricted to mucus- 
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secreting cells but thai entcrocyte-like cells also express rhe Reg !V 
gene. 

Ideniifwanoit of the Reg IV mRNA-e.Kpres.sinR cells in twnnal 
ittU'Stine 

Ref: /V was expressed at a higher level in human small intestine 
(jejunum) than in normal colon (Fig. 4). We atrcinpted to identify 
the cell types in small intestine and colon producing Ret* IV 
mRNA, by in situ hybridization and specific staining. Re^ IV 
niRNA-positivc cells were found in small intestine in accordance 
with mRNA analysis. Sparse along the iniesiinal epithelium, some 
cells displayed a positive signal, both in crypts and villi (Fig. la). 




Figure 1 ~ hi siru hybridization for Reg IV mRNAs in normal 
jejunum, (a) The signal is strong in some cells of the crypts and 
villous. In.sert a: Note the clear labeling of the perinuclear region of 
goblet cells (black arrows) and also in an unidentified cell (black 
arrowhead). Insert a': The Paneth cells are negative (white arrow- 
heads). Note the strong labeling in 2 unidentified cells of the crypi 
(black aaowheads). Sections were exposed for 20 days, (b) The 
cniero-cndocrine cells, stained with a polyclonal antibody specific for 
chromogranm A, also present a strong signal with the Reg IV antisensc 
probe. Insert b: double positiviiy of entero-cndocrine cells. Insert b'- 
Reg IV mRNA-positive goblet cell. Note the difference of labeling 
with the cnterocndocrine cell of insert b. Sections were exposed for 13 
days. Methyl green pyronin counicrstain. Original magnifications: io) 
X 100, (inserts a, a') X200. (b) X200. (inserts b, b') X400. 
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Reg JV mRNA was t*bscr\-cd at the basal perinuclear zone of 
goblet cells, which are easily identifiable by their apical mucus 
vacuoles (see inscn a Pig. lai tntcnvendocrine cells, identified in 
the villi and cr\'pis by their chromogranin A immunoreaciiviiy. 
exhibited a auoiy^ siiiiial (Fig. Ih, in.sert b). Neither all the aoblet 
cells nor all the enicro-endocrine cells presented the same level of 
Reg /l/cxpre.ssion. The cntcmcyic cells, lhat constitute HO'^ of ihc 
villous epithelium, and the Paneth cells, which are Uxnited in the 
bottom of the inicsiinal crypts, were negative for Reg IV mRNA 
(Fig. 7a and insert a'). In normal colon, there were few Ret* IV 
mRNA-c.xprcssing cells in IJebcrkUhn glands (data not shown). 
This observation confirmed the low levels of Reg IV tran.scripis 
detected in the n4)rmal colon by northern blot and real-time PGR 
(Figs. ? and 4). 

DISCUSSION 

Colon tumors display cell heterogeneity, and ihcv are as.sociated 
with a poor prognosis, which results from the multiplicity of druc 
resistance mechanisms lhat they develop. Well-differentiated tu*^ 
mors grow slower than those that arc undifferentiated but arc less 
sensitive to chemotherapy. Accordingly, long-term treatment of 
drug-sensitive and undifferentiated HT-29 cells results in the .se- 
lection of dnig-resi Slant subpopulations that express an entero- 
cytic-Iilcc or goblet cell phenotype.'-^-'- To identify the sur- 
vival pathway(s) developed by colon cancer cells, we used DD- 
PCR screening to compare HT-29 drug -resistant and -sensitive 
subpopulations. We thereby identified Re$ /V as a eenc overex- 
pressed in drus-rcslstant HT-29 cells. Interestinglyr 4 of 6 cell 
lines dc.«;cribed as resistant to long-term treatment with also 
presented a high level of Reg IV mRNA. However, die TC7 and 
SW480 cell lines are drug-rcsisiant but have low levels Reg IV 
mRNA. As demonstrated in other systems. '-^ '^ there arc diverse 
mechanisms of resistance to drug toxicity and. at this stage of our 
work, we can not establish a direct relationship between chemorc- 
sisiance and Reg expression. We are currently studying the time 
course of Reg /V^up-regulaiion during the Ions-term treaimcnt with 
5-FU and also with MTX. 

Up-regulation of Reg IV has been reported in Crohn's disease 
and ulcerative colitis by Hartupee ef^/., following high-throuchpui 
sequence analysis of a large bowel inflammatory disease library.^^'' 
We report here that Reg IV is strongly expressed' in most colorectal 
carcinomas, whereas Reg IV mRNA levels were low or undetect- 
able in normal colon. Reg IV has been classified in die REG gene 
family. 2 members of which. Reg la and PAP^ are also up- 
regulated in pathological tissues: pancreatitis, colon and liver 
carcinomas.=«"^-*-^-»^-^-^ REG genes are expressed at comparable 
levels in normal colon, but Reg IV is the only one that presents 
major modifications of its expression in colorectal tumors and in 
various colon tumor cell lines. Moreover, pcri-tumoral mucosa 
also exhibited stronger expression of Reg IV than normal colon 
mucosa, suggesting that deregulation of Reg IV could be an early 
event preceding the apparition of histological markers of tumor in 
the peri-tumoral mucosa. As reported for Reg lot and /Vl/*,-^ 
there is no clear relationship between Reg 71/ gene expression and 
the localization or stage of the colorectal tumors studied. Macadam 
ei al. have recently shown that, in patients with non- metastatic 
colorectal tumor, the co-expression of Reg la and PAP had a 
highly significant adverse effect on survival.-*-^ Clinical follow-up 
of a large number of patients over several years is needed to 
determine the relationship between Reg IV and survival. 

In our study of colon cancers^ we found diat the tumors express- 
ing Reg IV most strongly were those displaying a mucinous 
phenotype. However, non mucus-secreting tumor cells were also 
able to express Reg IV. We confirmed this result using various cell 
lines. Among differentiated cells, enterocyie-Hke cells contained 
high levels of Reg IV mRNA (HT29-5M1 2, HT29-5F7 and HT29- 
1 9 A). Strong Reg IV expression was also detected in undifferen- 
tiated cell line SW480 (see Fig, 2). Strikingly, Reg /Kis expressed 
in normal adult small intestine at a higher level than in normal 
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colon, and indeed at a level similar lo thai observed in various 
colorectal tumors. In normal adull small intestine, many entero- 
endocrinc and goblet cells of ihc co'pi-villus epithelium strongly 
expressed Reg IV, with the entero-cndocrine cells being the more 
intensely labeled in ISH experiments. Unlike Reg /K PAP and /?f.t> 
la are mostly expressed in Paneih cells, a type of resident epithe- 
lial cells in small intestine crypis.-^*^-"'-*' 

Expression of /?<f^ IV in different cell types in nonnal intestine 
and colon and in colon tumors raises questions about its function. 
Various physiological function.*; have been ascribed lo REG prt>- 
leins. Their expression has been associated with proliferation and 
regeneration. cell survival.-'' cell adhesion ^* and resistance 
10 apopiosis-*^--*^ From our results, we can not conclude thai REG 
IV acts as a mitogen or growth factor as proposed by Hartupcc et 
nL, based on its ovcrcxpression in Crohn's disease or ulcerative 
coliiis.-' Even though the Re^ IV gene is expressed by some cells 
of the iniesiinal crypt, which comprises the proliferating cells of 
Ihc intestinal epithelium, Reg /VmRNA is also abundant in ihe non 
dividing cells of the intestinal villus. The Re^ IV gene is similarly 
expressed in growing and in resting colorectal ceU lines, suggest- 
ing that REG TV does not interfere directly with proliferation' 
mechanisms. Furthermore, LS5 13 cells that present a growth arrest 
during 5-FU treatment-"^ contained abundant Reg IV mRNA (Fig. 
2). Besides, PAP and REG la are secreted proteins and have bee'n 
recently shown to act as growth facto rs.^s. -43 Analyses of PAP in 
mouse embryos have demonstrated its early expression in the 
nervous sy.stem. pancreas and small intestine"*-"*'' and indicated 
that it is a signaling intermediate in a survival pathway of mo- 
toneurons.**' The analysis of the amino acid sequence of Reg IV 
suggests that it may be secreted (our study and 27), and REG IV 
protein has been found in the culture medium of HT29-5M 12 cells 



by 2-dimensional electrophoresis and mu>.s spccin»mcir>- (Dcl- 
phine Dclacour and CuillenKiic Huct. personal comnutniciiiion). 
Therefore, as a .*;ecrctcd protein. REG IV niuy act on ihc nciiih- 
boring cells in normal or tumoral lis.sucs as de.-^cribcd for KECi'la 
or PaP-**-'> Finally, ir may have a role in resistance to apoptosi.s. 
us suggested by the high cell numaliiv durim; 5-FU expiKsurc tif 
HCT-EB and HT-29p cell lines^^ in which The level of Rtr;^ IV 
mRNA is very low. Few cells of ihc HT-29p cell line arc able to 
escape drug- treatment or nutrient deprivation (sec Fig. I and 17. 
20. 24). and the majority of them express high levels of Heii IV 
following these stresses. 

Our data concerning Reg IV expre.*;sion. as as.se.s.sed by stud> iny 
the mRNA level, are in accordance with the suggestion of Mac- 
adam and coHaboraiore"'' that colorecuil tumor cells expnrssini; 
REG proteins have an advantage in terms of surx ivul. Our rc.^^uIrN 
suggest that Reg IV-positive cells in colorectal tumors may al.^o 
have a selective advantage during drug-treatment. Further studies 
are necessary to establish a direct relationship between cell sur- 
vival and Reg /V expression, and to evaluate REG IV protein as a 
new marker for the detection of colon cancers and as a pronosiic 
indicaior. 
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